Venvey transition via eleatical conductivity and magnetic measurements, was found to decrease with decreasing film thichess.
Although bulk magnetite has been extensively studied over many years, magnetite thin-films have recently received considerable attention on account of their potential for industrial applications: magnetite thin-films can be oxidised to produce y -F a for use as a magnetic recording medium and magnetic multilayers involving magnetite can be used to fabricate thin-film systems with desirable magnetic properties. A range of techniques has been used for the production of high quality magnetite thin-films and multilayers including pulsed laser deposition (PLD) [l -31. In most cases of PLD, the target has been of the same composition as that of the resulting thin-film. However, very recently, Kennedy [4] has reported on thin-film magnetite produced by the ablation of metallic Fe. In the present work, magnetite thin-films have been produced using the technique of PLD with either a bulk magnetite target or a metallic Fe target. Electrical conductivity and magnetic measurements were made to determine the Verwey transition, which was used an indication of film quality.
EXPERIMENTAL DETAILS
Magnetite thin-films were produced by the ablation of bulk magnetite using a range of laser fluences (0.4 -6 J cm-' ) and Mtying other deposition conditions. The films were deposited onto polycrystalline quartz and Coming Glass substrates.
However, thin-films made in this fashion were found to have poor reproducibility. X-ray diffraction revealed that the magnetite target changed composition following successive deposition runs performed in a range of oxygen pressures and showed the presence of small amounts of haematite Films were also made by the ablation of metallic Fe (natural and enriched) onto p o l y a y s d h e quartz substrates using moderate fiuences (5.4 -5.7 J cm'2) in 4 mTorr of oxygen and with no direct substrate heating. Thin-films made in this fashion were found to have good reproducibility except for the c-axis orientation of the polycrystalline thin-films, which varied noticeably with substrate temperature. However, extensive attempts to deposit magnetite thin-films onto polycrystalline quartz substrates using lower fluences (1 -3 J cm-2) in the manner of Masterson et al. [2] were unsuccessful.
Magnetite thin-films were made by the ablation of metallic Fe onto single crystal substrates MgO (100) and &Q (0001) using low fluences (2.1 -2.5 J c m -' ) in a 0.1 mTom partial pressure of oxygen and at a nominal substrate temperature of 300°C, although this value is strongly influenced by the proximity of the plume. Immediately after each deposition, the films were cooled at a rate of about 9 K min -l. X-ray diffraction revealed that the resulting film c-axis orientations were (100) and
(1 1 l), respectively. These singlecrystal substrates were chosen because they are nearly lattice matching to the magnetite thin films, the oxygen-oxygen separations differing by only 0.3 % for the MgO substrates and 8 % for the M203 substrates. Film thickness was determined by either breaking the substrate and viewing the thin-film edge-on with a scanning electron microscope or half-covering an additional substrate with Kapton and measuring the resulting film-step with a Talystep thickness gauge. The d.c. conductivities of the thin-films were measured using a standard four-point, van der Paaw configuration. Magnetic measurements were made using a SQUID magnetometer. (b) Derivative of (a). measurements. 'Ihe line is merely a guide for the eye.
RESULTS AND DISCUSSION
Comparison of a number of thin-films produced by the PLD of magnetite and metallic Fe targets shows that the ablation of the magnetite target produced approximately 4000 -6000 boulders mti2 whereas the ablation of the metallic Fe target produced approximately 20 -80 boulders mni2, i.e., a reduction of about two orders of magnitude. In addition, the use of metallic Fe is advantageous because the target constituency is stable, target heating is beneficial and defect density is less important to the production of boulders than with the ablation of magnetite. Fig. l(a) shows the temperature dependence, as mearmred in a field of 50 mT, of the magnetic moment of a 1030 nm thick film which had been grown on a 5 X 5 mm MgO (100) substrate by the ablation of metallic Fe. In order to determine the position of the Verwey temperature, in fig.l(b) , we have plotted the derivative of this curve. This yields a Verwey temperature of 123 K, a value very close to that of good quality b u k single-crystal material. Fig.2 shows the dependence of Verwey temperature oti film thickness. There is reduction of Verwey temperature to lower temperatures with decreasing film thickness and, in the case of the 50 nm film, the transition is completely suppressed. This behaviour is also confirmed by measurements of the electrical resistivity of the same films when, once again, the 50 nm film exhibited no Verwey transition.
Our interpretation of the dependence of the Verwey transition on film thickness is based on the assumption that interfacial strain induced in the epitaxial film plays an increasing role as film thickness decreases such that, in the thinnest film produced, the lattice mis-match is suflicient to eliminate the transition; the sensitivity of the transition temperature to 5lm-substrate strain is well-established [S] . With increasing film thickness, the influence of strain decreases until, for the 1030 nm film, the Verwey temperature has attained the value associated with bulk material. It is interesting that the values of the transition temperatures determined by both electrical and magnetic measurements yield essentially the same values, despite the fact that resistivity measurements are probably more sensitive to film quality than the magnetic measurements A second set of films produced by the ablation of '"Fe also exhibit a reduction of Verwey temperature with decreasing film thickness. These samples were investigated at room temperature using conversion electron Masbauer spectroscopy; preliminary results indicate that the samples contained significant amounts of both metallic Fe and Fe in an, as yet, unspecified paramagnetic phase. At the present time, it seems feasible that this paramagnetic phase may result from an interdiffusion of the Fe and Mg in the vicinity of the substrate -film interface due to the high substrate temperature during deposition. In view of this, it seems probable that the thin-films produced fiom natural Fe also contained similar impurities.
A more detailed investigation of this effect will be published at a later date [6].
